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Executive summary
SZC Co. proposes to construct a new nuclear power station at Sizewell on the Suffolk coast and is required
to evaluate the impacts of the proposed station development (Sizewell C, SZC) on the surrounding
ecosystem features. One such feature is a small brackish pond located between the flood protection and the
beach adjacent to Minsmere RSPB reserve to the north of the existing power stations (approximately 2 km
north) (Figure 1). Potential risks to the pond are of interest because this type of habitat is protected under
the EU Habitats Directive and listed as a UK Biodiversity Action Plan priority habitat (under ‘saline lagoon’
habitat).
The pond also forms part of the Walberswick Marshes water body as defined by the Water Framework
Directive. Seawater can enter many of the ponds within the Minsmere RSPB reserve by a passing though
Minsmere sluice and into Leiston Drain. This can occur for approximately half an hour at high water, or
when the sluice flap valve is opened deliberately to allow seawater to enter as part of the management of the
RSPB reserve. The pond monitored in this study is isolated and adjacent to the coast with no direct
connection to the Leiston Drain.
If there is connectivity between the pond and the sea, the pond could be exposed to discharges from the
SZC development during the construction, commissioning and operational phases. The initial screening of
the SZC discharges using the Environment Agency's H1 assessment protocol has highlighted a potential risk
from hydrazine in the commissioning phase discharges and hydrazine and total residual oxidants (TRO) in
the operational cooling water discharge.
Automated salinity and water temperature monitoring has been undertaken between 30th July 2014 and 5th
May 2015 in a small brackish pond near the Minsmere RSPB reserve in order to assess whether there is
connectivity between the pond and the adjacent marine environment either via overtopping during periods of
elevated tidal levels or high wave conditions or via percolation through the dune system. This pond was
selected because it was the closest pond to the sea and the only pond to lie outside of the flood protection
that protects the Minsmere reserve. This pond was therefore the local waterbody most likely to exhibit
marine connectivity.
No indications of overtopping were observed. The brackish nature of the pond water (6 to 25 psu) indicates
that there is some limited seawater input into the pond. The measured changes in salinity indicate that
saline water enters the pond slowly, mostly likely via slow diffusion through the dune system that lies
between the pond and the coast.
Influence of existing Sizewell B chemical discharges.
During a one year marine water quality monitoring programme measured TRO concentrations in the sea
adjacent to Minsmere were very low (i.e. < 10 - 40 µg l-1) and hydrazine was not detected above the limit of
detection of 0.01 µg l-1. The predicted TRO concentration in seawater off Minsmere from Sizewell B at its
maximum permitted TRO discharge concentration of 0.3 mg l-1 would not exceed 10.08 µg l-1 or 0.8% above
the EQS of 10µg l-1. Such a concentration would not be measurable in the marine environment and, after
percolation through the dune system, seawater reaching the pond would have TRO levels below the EQS.
Even if hydrazine were present in Sizewell seawater at levels below the current limit of detection, the
concentration in seawater after it had percolated through the dune system would be negligible.
Predicted effect of Sizewell C discharges
Chemical plume modelling has shown that the operational SZC TRO and hydrazine plumes will not intersect
with the Minsmere coast at concentrations above the EQS and PNEC respectively. The operational risk to
the Walberswick marshes waterbody from these discharges can, therefore, be discounted. The construction

Brackish Pond Salinity
Monitoring

NOT PROTECTIVELY MARKED

Page 10 of 30

100941008
Revision 02

CEFAS REPORT TR354 SIZEWELL BRACKISH POND SALINITY MONITORING
NOT PROTECTIVELY MARKED
phase discharges from SZC will be discharged inshore of the Sizewell –Dunwich Bank at approximately
300m from the coast and hydrazine released during cold flush testing could present a risk to the waterbody.
At the time of this study (July 2014 - May 2015) modelling of construction discharges had not been
completed, however it is now available in the marine water quality synthesis report (BEEMS Technical
Report TR306).
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1 Purpose of the report
SCZ Co. proposes to construct a new nuclear power station (new nuclear build, or NNB) at a site adjacent to
the Sizewell A and B power stations at Sizewell on the Suffolk coast. The application process for this
proposed power station development, termed Sizewell C, requires SZC Co. to evaluate the impacts of the
proposed station development on the surrounding ecosystem features. One such feature is a small brackish
pond located between the flood protection and the beach adjacent to Minsmere RSPB reserve to the north of
the existing power stations (approximately 2km north) (Figure 1). Potential risks to the pond are of interest
because this type of habitat is protected under the EU Habitats Directive and listed as a UK Biodiversity
Action Plan priority habitat (under ‘saline lagoon’ habitat);
The pond also forms part of the Walberswick Marshes water body as defined by the Water Framework
Directive (see Figure 2). Seawater can enter many of the ponds within the Minsmere RSPB reserve by a
passing though Minsmere sluice and into Leiston Drain. This can occur for approximately half an hour at
high water, or when the sluice flap valve is opened deliberately to allow seawater to enter as part of the
management of the RSPB reserve (RSPB 2015). The pond monitored in this study is isolated and adjacent
to the coast with no direct connection to the Leiston Drain.
If there is connectivity between the pond and the sea, the pond could be exposed to the discharges from
Sizewell C development during the construction, commissioning and operational phases. The initial
screening of the SZC discharges using the Environment Agency's H1 assessment protocol (BEEMS
Technical Report TR193) has highlighted a potential risk from hydrazine (an oxygen scavenging chemical
used to reduce corrosion in the primary and secondary circuits) in the commissioning phase discharges and
total residual oxidants (TRO) in the cooling water discharge.
Salinity and water temperature monitoring has been undertaken in the pond in order to assess whether there
is connectivity between the pond and the adjacent marine environment which is affected by the Sizewell B
discharges. The monitoring was used to assess whether sudden increases in salinity occurred, as such
increases might indicate rapid episodic input of seawater. Such events might result from over-topping of the
dunes between the ponds and shore or very high tidal levels, raising the saline water table above the base of
the pond.
This report summarises the available data on pond salinity and assesses the likelihood of SZC discharge
chemicals entering the ponds and having an impact on pond fauna.
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Figure 1. The logger deployment location, approximately 50 m back from the dune crest.
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Figure 2. Walberswick Marshes waterbody (as defined by the Water Framework Directive) and the logger deployment location.
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2 Methodology
The brackish pond is located seaward of Minsmere RSPB reserve in Suffolk; the salinity logger was
deployed at the location shown in Table 1 and Figure 1. The pond is located lower than the 5 m contour
marked on Ordnance Survey mapping (which is relative to above Ordnance Datum Newlyn (ODN)). The
highest predicted astronomical tide (HAT) is 4.2 m above ODN at Felixstowe Pier and 1.4 m above ODN at
Lowestoft (UKHO 2014). The pond and was selected as the most likely to experience seawater input by
overtopping or percolation through the dune system, a feasible event given the pond’s elevation.
Table 1. The deployment location of the logger.

ETRS89
Logger deployment
location

OSGB36 / British National Grid

Latitude

Longitude

Easting (m)

Northing (m)

52° 14.32’ N

001° 37.63’ E

647740

266297

A Star Oddi DST-CT temperature and salinity logger (Figure 3) was used to monitor changes in the pond.

Figure 3. A Star Oddi DST-CT logger (image courtesy of www.star-oddi.com and http://planet-ocean.co.uk/)
A logger was deployed in the pond during July 2014 and periodically recovered, downloaded and replaced.
The dates of the deployments are shown in Table 2.
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Table 2. The dates of the logger deployments.

Deployment number

Deployment date

Recovery date

1

30/07/2014

05/09/2014

No number – logger lost and no
results acquired

05/09/2014

04/11/2014

2

04/11/2014

11/12/2014

3

11/12/2014

22/01/2015

4

22/01/2015

27/02/2015

5

27/02/2015

01/04/2015

6

01/04/2015

05/05/2015

Initially, the logger was placed on the bed near the centre of the pond and attached to the pond edge with a
light neutrally buoyant line. Recovery problems led to the adoption of an alternate approach, attaching the
logger to a small plastic buoy to aid location during recovery (Figure 4). Following recovery logger data were
downloaded using Star Oddi Seastar software and a Star Oddi communication box connected to a personal
computer. Downloaded data were examined (Figure 5) and invalid points removed from the dataset. The
following data were classified as invalid and removed from the data set:
a) Data acquired before the logger’s deployment or after its recovery (i.e. data when the logger was not
actually in the pond). These data have not been displayed in Figure 5.
b) Data associated with sudden and prolonged (greater than 24 hours) reductions in salinity to very low
values (<4 psu). An example is visible in Figure 5 between the 14th and 18th January 2015.
c) Data associated with sudden reductions in salinity and corresponding increases in temperature and
temperature variability. Several examples are visible in Figure 5, for instance between 30th
November and 10th December 2014.
Data deemed invalid and removed under criteria b) and c) are likely to have arisen because the logger was
no longer submerged in water during these periods. This may have occurred because of the part of the
pond in which the logger was placed drying out or because of the logger being moved. Logger movement
could be caused by third party interference or the logger being dragged by wind acting on the small marker
buoy attached to the logger (see Figure 4). The remaining valid data are shown in Figure 6 to Figure 12.
Acquired data were examined alongside wave data from a wave recording buoy off Sizewell and tidal
elevation from the tide gauge located at Lowestoft. These data were provided by Cefas WaveNet
(http://cefasmapping.defra.gov.uk/Map) and the National Tide and Sea Level Facility provided by the British
Oceanographic Data Centre (https://www.ntslf.org/). The purpose of examining salinity data alongside wave
and tidal elevation data was to determine if storm conditions or high tide levels corresponded with increases
in salinity. Such increases might indicate that seawater was overtopping the dunes and entering the pond.
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Figure 4. The logger deployed in the pond near Minsmere beneath the small orange flotation marker.
The salinity data from deployment 5 is suspect but has been included, as it is not confirmed to be erroneous.
The corresponding temperature record looks consistent and is therefore useful (see section 3).

3 Results
The results of the investigation are considered with respect to seawater ingress into both the monitored pond
and the ponds within Minsmere RSPB reserve.

3.1

Seawater ingress into the monitored pond

Seawater may enter the monitored pond by two principal mechanisms: overtopping and percolation through
the dune system. The seawater off Sizewell has a relatively narrow annual range of salinity (typically 32.5 –
34.5) and a temperature range 5⁰ – 20 ⁰C. If combined wave and still water level were sufficient to give direct
overtopping then there would be a sudden increase in salinity and, depending on the time of year, a change
in temperature. Percolation through the dunes may occur when the sea level is higher than the water level in
the pond. If the dune sediments are sufficiently porous then there may be slow transfer through the dune
system into the ponds because of the hydrostatic pressure difference. Limited seawater input may also
occur from seawater spray. During storms breaking waves may put small volumes of seawater in the form of
droplets into the air, which may gradually add to the salinity of the pond. This process would be slow and not
associated with sudden changes in the water temperature in the pond.
In addition to seawater input, two further processes influence the pond’s salinity. Rainfall results in an input
of fresh water, reducing salinity while evaporation removes water (but not dissolved chemicals) from the
pond, increasing salinity.
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It is in this context that the results are presented and discussed below.
The salinity and temperature measurements recorded by the logger are presented in Figure 5 to Figure 12.
All of the salinity and temperature data acquired from the pond are shown in Figure 5. Figure 6 shows all of
the valid salinity and temperature data available at the time of writing once invalid data were removed (as
described in Section 2). The salinity logging programme was designed to continue during 2015 and this
report presents the data recovered to-date. Figure 7 to Figure 12 show the data from each logger
deployment separately, together with tidal level data from the National Tide and Sea Level Facility provided
by the British Oceanographic Data Centre (https://www.ntslf.org/) and wave data from Cefas WaveNet
(http://cefasmapping.defra.gov.uk/Map). Tidal levels used are measurements from Lowestoft and wave data
are from the Sizewell waverider buoy. These data have been presented alongside the logger data in order
to assess whether high tidal elevations or wave conditions correspond with sudden increases in pond
salinity. Such increases would be indicators of significant salt-water input and may indicate overtopping.
Deployment 1 – 30/07/2014 to 05/09/2014 (Figure 7)
No rapid increases in salinity were measured, despite two storms occurring with significant wave heights of
over 2 m (during the 10th and 26th August 2014). The salinity measured varied between 18 and 23 psu with
a mean value of 20.3.
Deployment 2 – 04/11/2014 to 11/12/2014 (Figure 8)
A small but rapid decrease and subsequent increase in salinity was measured during the 13 th November
2014 and again on the 14th. Although these increases are associated with high wave conditions (significant
wave heights up to 2.6 m) there is no indication of significant seawater input. Overall, between the 13 th and
14th, the salinity of the pond water decreases from over 20 psu to approximately 18 psu, the opposite of the
change that would be caused by an input of seawater. An earlier episode of even higher wave heights (up to
3.5 m on the 7th November 2014) did not result in any increase in salinity. Salinity reduced during this
deployment from 22 to 19 psu with a mean value of 20.5.
Deployment 3 – 11/12/2014 to 22/01/2015 (Figure 9)
No increases in salinity were measured during this deployment. A gentle, steady reduction in salinity from
almost 15 psu to 13 psu was measured with a mean value of 13.6.
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Deployment 4 – 22/01/2015 to 27/02/2015 (Figure 10)
Deployment 4 showed a pattern of stable salinity varying between 11 and 14 psu with a mean value of 12.8.
No large increases in salinity were detected.
Deployment 5 – 27/02/2015 to 01/04/2015 (Figure 11)
The salinity data for most of this deployment is suspicious, and have been included only because the
temperature data appear consistent. It is most likely that the instrument bio-fouled shortly after deployment,
which then gradually cleared itself. Deployment 5 showed a slow but steady increase in salinity from 5.9 to
11.6 psu between the 27th February and 21st March 2015. A sudden increase in salinity to 13.1 psu
(occurring within 10 minutes from 21.00) is then observed. This is the type of increase that might be caused
by overtopping, however it is associated with only moderate wave height (1.2-1.6 m). The tidal elevation at
the time of this increase was 2.2 m and the no further increase was seen despite the tidal height increasing
for the next two hours to a high water of 2.6 m at 23:00. No evidence of overtopping was observed during
other periods of the deployment despite much higher tidal elevations (up to 3.0 m) and wave heights (up to
2.3 m) occurring. The salinity data for this deployment are therefore suspect and should be treated with
caution. Temperature data appear to be realistic.
Deployment 6 – 01/04/2015 to 05/05/2015 (Figure 12)
No sudden increases in salinity were observed. During this deployment the salinity increased gradually from
12.6 to 14.5 psu. This gradual increase may be the result of evaporation during the deployment period. A
very small daily variation in salinity was visible in the data (see Figure 12). This is likely to be the result of
the effect of temperature on the salinity calibration within the logger as, during this deployment, variations
between daytime and night time temperatures of up to 8°C were measured. The variations in salinity were
very low and are irrelevant to this study in the context of overtopping.
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Figure 5. All Salinity (red) and temperature (blue) measurements from Minsmere pond 30/07/2014 to 05/05/2015.
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Figure 6. Salinity and temperature measurements from Minsmere pond 30/07/2014 to 05/05/2015 (invalid data removed).
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Figure 7. Logger measurements from Minsmere pond with tidal elevations and wave height, deployment 1
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Figure 8. Logger measurements from Minsmere pond with tidal elevations and wave height, deployment 2.
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Figure 9. Logger measurements from Minsmere pond with tidal elevations and wave height, deployment 3.
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Figure 10. Logger measurements from Minsmere pond with tidal elevations and wave height, deployment 4.
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Figure 11. Logger measurements from Minsmere pond with tidal elevations and wave height, deployment 5.
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Figure 12. Logger measurements from Minsmere pond with tidal elevations and wave height, deployment 6.
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4 Discussion
Salinity was measured between 30th July 2014 and 5th May 2015 during which period the salinity varied
between 25 and 6 psu. No clear seasonal pattern was observed. The observed changes in salinity tended
to be gradual, indicating slow percolation of seawater through the dune sediments into the pond. Where
more rapid changes occurred, the changes tended to be decreases in salinity (for example, see Figure 9,
26th/27th December 2014). These decreases are likely to be associated with freshwater input, probably
precipitation. Figure 5 to Figure 12 give no indication of the sudden episodic increases in salinity that would
be expected to occur during an overtopping event caused by high tidal level or wave height. A number of
high waves and water levels occurred (e.g. 8 th November and 27th December) and these were not
associated with increases in salinity, giving no evidence for overtopping.
The observations do not support a link between salinity and tidal elevation. The data suggests that the
percolation of seawater through the dune system is gradual, with a transit time through the dunes of at least
12 hours (and possibly much greater). If the transit time through the dune system were less than 12 hours
then changes in salinity should show some link with tidal level. No such link was observed and so it is
concluded that any seawater passing through the dune system must do so gradually. Salinity in the pond is
likely to be a balance between gradual seawater input through the dune system, freshwater input from
rainfall and evaporation.
During August there was a clear diurnal signal in temperature with a large temperature range; there was no
link between tidal state and temperature for any of the deployments, reinforcing the conclusion that there is
no rapid movement of seawater through the dune system. If seawater were able to move quickly through the
dune system then warm water from the cooling water plume entering the pond could alter the pond’s
temperature. No rapid temperature changes were observed except for those diurnal changes associated
with solar heating and night-time cooling.
Changes in salinity indicate that saline water enters the pond slowly, probably via percolation through the
dune system that lies between the pond and the coast. No indications of overtopping were observed.

4.1

Influence of the existing Sizewell B discharge plume

During a one year marine water quality monitoring programme, measured TRO concentrations in the sea
adjacent to Minsmere were very low (i.e. < 10 - 40 µg l-1 and hydrazine was not detected above the limit of
detection of 0.01 µg l-1, (BEEMS Technical Report TR189). The predicted concentration of TRO in seawater
off Minsmere due to Sizewell B is shown in Figure 13 which simulates a month long chlorination discharge at
Sizewell B when the plant is discharging at its maximum permitted TRO discharge concentration of 0.3 mg l-1
(BEEMS Technical Report TR 303). During this period the predicted TRO concentration is 10.08 µg l-1 as a
95%ile or 0.8% above the EQS of 10µg l-1as a 95%ile. Such a concentration would not be measurable in the
marine environment. The interaction of residual oxidant with components of moist soils is expected to form
chloride (Cotton et al. 1999). It is therefore considered that, after percolation through the dune system, that
seawater reaching the pond would have TRO levels below the EQS.
Hydrazine has not been detected in the sea off Sizewell. A number of studies have considered the
biodegradation of hydrazine in sediment and soil and when released onto soils, particularly those with high
organic content. Under these conditions, hydrazine will undergo rapid degradation to nitrogen (Ou and
Street, 1987, Braun and Zirolli, 1983). It is therefore considered that even if hydrazine were present in
Sizewell seawater at levels below the current limit of detection, that the concentration in seawater after it had
percolated through the dune system would be negligible.
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Figure 13. TRO concentrations near Minsmere Sluice modelled for a month long discharge of 0.3 mg l -1 (the
maximum permitted concentration). As well as the concentration of TRO, the maximum allowable
concentration (MAC), mean and 95th percentile concentrations are indicated.

4.2

Predicted effect of Sizewell C chemical discharges.

Chemical plume modelling has shown that the operational Sizewell C TRO and hydrazine plumes will not
intersect with the Minsmere coast at concentrations above the EQS and PNEC respectively (BEEMS
Technical report TR303). The operational risk to the Walberswick marshes waterbody from these discharges
can, therefore, be discounted. The construction phase discharges from Sizewell C will be discharged inshore
of the Sizewell –Dunwich Bank at approximately 300m from the coast and hydrazine released during cold
flush testing could present a risk to the waterbody. At the time of this study (July 2014 - May 2015) modelling
of construction discharges had not been completed, however it is now available in the marine water quality
synthesis report (BEEMS Technical Report TR306).
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